Abstract: Application of MCSA for diagnosis of induction motors requires a well previously knowledge of various frequency components in stator current spectrum of motor in healthy state. This paper takes a closer look on healthy stator current spectrum content, which offers an important new contribution to enrich the most famous technique of fault diagnosis of induction motors. In aim to assure the obtaining of high space harmonics of motor, the TSFEM is used to model the healthy induction motor. The rotor and stator slotting are taken into account. Moreover, the paper reports an investigation about the magnetic saturation influence on the content of healthy stator current spectrum, for this purpose the linear and non-linear permeability are included in induction motor model. In order to show the impact of varying load on the healthy stator current spectrum content, the simulation results are extracted at different loads.
Introduction
Nowadays, motor current signature analysis (MCSA) is a popular technique for diagnosis of different defaults in induction motor [1] - [2] - [3] . MCSA technique is based on the detection of new generated frequency components in stator current spectrum, or in some cases by the amplitudes varying of old frequency components in current spectrum. In the both cases, a well knowledge of stator current spectrum content in healthy state is strongly required for a reliable diagnosis of induction motor defaults.
Frequently, induction motors are modeled with negligence of many important phenomena in motor, such as magnetic saturation of lamination core, rotor and stator notching [4] - [5] . It is not the real case, which affects directly on the spaces harmonics of motor. So the consequence that the following frequency components are surely missing in the stator current spectrum [5] :
• Saturation harmonics (causing by the use of permeability independent of time), • Rotor slot harmonics.
Really few methods of induction motor modeling, can offer a high space harmonics, which allow a restful application of MCSA. One of the most precise modeling methods; is the finite element method, which plays an important role in assisting the analysis of induction motor [6] - [7] - [8] .
TSFEM is the most precise way to conserving the electromagnetic behavior of induction motor. The central point in the TSFEM is the determination of magnetic field by the nonlinear TSFEM, the magnetic force and torque are calculated by using the Maxwell stress tensor. The mechanical motion is solver by a numerical method. After the mechanical equation determines the new angular and radial position of a rotor, the finite element model is rearranged to recalculate the magnetic field by moving mesh technique [5] -[9]- [10] . From many models based on finite elements method, only the circuit-coupled finite element technique can closes the real life of induction motors, here the magnetic circuit of motor is coupled with the external electric circuit excited by sinusoidal voltage source [11] .
As the magnetic saturation is an invariant phenomenon in induction motors, this paper reports an important investigation of saturation magnetic effect on healthy stator current spectrum content by comparing the unsaturated and saturated stator current spectrums. Impact of varying load on default index signatures is treated by several researches [12] . However it will be rigorous to keeping information about the influence of varying loads on the harmonics of healthy stator spectrum before heading to use MCSA.
The purpose of this study is to make an extensive look about what can healthy stator current spectrum contains, as a first step for diagnosis of induction motor defaults using MCSA. In Section 2 of this paper, the healthy induction motor will be modeled using TSFEM. Section 3 deals with analysis of healthy stator current spectrum of unsaturated and saturated induction motor at different loads.
Modeling of healthy induction motor using TSFEM
In this paper, induction motor under healthy state is modeled using TSFEM through the circuit-coupled finite element technique. The external electric circuit of stator and rotor which presented in figure 2 is coupled with the finite element domain as presented in figure 3 . Figure  1 presents the model of induction motor. Table 1 presents the specific characteristics of induction motor. 
The last term represents current induced in conducting material when flux changes with time.
The transient performance is obtained by accounting for the mechanical equation of the motor and the transient motional induced eddy current in the massive conductors can't be neglected as in equation (1), the complete system is based on the differential equation in compact form:
Where V is the speed of the rotor, E is the electrical scalar potential applied by the external circuit. The problem is considered as transient alike. When the motor is loaded the voltage time The time step must be sufficiently small to ensure that the effects of slotting are accurately modeled, also to obtain a suitable frequency resolution for the application of FFT [1] - [5] .
Figure 4. Proposed magnetic characterization
An initial iron relative permeability of 1000 is assigned to the ferromagnetic core. Then, the calculations are done for a saturated ferromagnetic material by a B-H curve (figure 4).
Spectrum analysis of stator current in healthy induction motor
The frequencies given by (3) are used to detect eccentricity-related fault signatures in the stator current. s f is the fundamental supply frequency, R is the number of rotor slots, s is the slip, p is the number of pole pairs, and λ is the order of the stator time harmonics that are present in motor current spectrum ( )
• In case of static eccentricity:
• In case of dynamic eccentricity:
n is known as eccentricity order).
• In case of mixed eccentricity:
• In case of healthy state:
The appearing of new frequency components around principal slot harmonics (PSHs), also the variation of its amplitude values are frequently used to diagnose some faults in induction motors such as eccentricity default. 
• The lower (first) principal harmonic:
• The upper (second) principal harmonic: Figure 5 shows the stator current spectrum for healthy loaded four-pole induction motor with S=36 stator slots and R=28 rotor bars at s=4.8%, under linear permeability. The two PSHs exist in the spectrum at: • As expected, when magnetic saturation is taken into account, the whole series of saturationrelated harmonics result of magnetic saturation are generated such as: • Even under balanced power supply and in symmetrical conditions, the component at 150 Hz is generated. Also the fifth (250 Hz) and seventh (350 Hz) harmonics are existed in the current spectrum. The appearing of fifth and seventh current time harmonics is due to the In order to show the impact of varying loads on the content of healthy stator current spectrum, figures 9 and 10 show respectively the stator current spectrum for healthy saturated induction motor at half-load and no-load. As shown in figures 9 and 10, the frequencies given by (6) and (7) depend on motor load, by other words; position of PSHs in stator current spectrum depends on rotor speed. Such as an example, in figure 9 when the motor is at half-load the PSHs occur at: On the other side, according to figures 9 and 10, it can be shown that varying of load do not affect only on position of harmonics and its amplitude values. Moreover, varying of load affects on appearing of frequency components in healthy stator current spectrum, as summarized in tables 2 and 3 some of saturation-related harmonics are missing when the motor is at no-load.
It must note that in some cases, when induction motor suffered from defect such as purely static eccentricity, no fault index can clearly appear in stator current spectrum [8] ; just perturbation of amplitude values can be shown in previously prominent harmonics such as PSHs and saturation-related harmonics. Even with small default degree of a previously knowledge of amplitude values of harmonics in healthy stator current spectrum, can help to detect any perturbation in the motor.
Conclusion
In this paper, a highly precise modeling using TSFEM is proposed to analysis precisely the stator current spectrum of healthy induction motor as a preparatory step before using MCSA to diagnose defects in induction motors. It was shown that the magnetic saturation injected saturation-related and time harmonics which recognized as the most prominent harmonics induction motors. In this paper, the stator current spectrums have been extracted at different loads to verify the impact of varying load on amplitude values of harmonics. 
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